Objective: To evaluate the prevalence and sex differences of mental disorders diagnosed among young adults who had intermittent exotropia (IXT) as children.
I
NTERMITTENT EXOTROPIA (IXT) occurs in approximately 1% of developmentally healthy children in the United States 1 and, given its predominance over esodeviations among Asian populations, 2 it may be the most prevalent form of strabismus worldwide. Published reports 3, 4 have suggested a link between strabismus and mental illness. A polyalanine length variant in a single gene, PMX2B, was recently shown to be associated with both a rare form of strabismus (constant exotropia) and adult schizophrenia. 3 Moreover, we have reported that children diagnosed as having exotropia in Olmsted County, Minnesota, in a single decade, as opposed to those with esotropia, are at increased risk of developing mental illness by early adulthood compared with birthand sex-matched controls. 4 This association appeared to be strongest for patients with IXT, but the study did not have sufficient power to perform an analysis based on sex. The purpose of this study is to further investigate the prevalence and sex differences of psychiatric disorders diag-nosed among young adults who had IXT as children by extending the cohort to include patients who were diagnosed as having IXT during a 20-year period.
METHODS
The medical records of all patients younger than 19 years who were residing in Olmsted County, Minnesota, when diagnosed as having IXT by an ophthalmologist from January 1, 1975, through December 31, 1994, were retrospectively reviewed. Institutional review board approval was obtained for this study. Intermittent exotropia was defined as an acquired, intermittent exodeviation of at least 10 prism diopters in an otherwise healthy child. Patients with an underlying or associated developmental, neurologic, or ocular sensory disorder were excluded. Potential cases were identified using the resources of the Rochester Epidemiology Project, a medical records database designed to capture data on any patientphysician encounter in Olmsted County, Minnesota. 5 The ethnic distribution of Olmsted County residents in 1990 was 95.7% white, 3.0% Asian American, 0.7% African American, and 0.3% each for Native American and other, as de-termined by self-report. The population of this county (106 470 in 1990) is relatively isolated from other tertiary medical communities, and almost all medical care is provided to residents by a largely unified medical care system (Mayo Clinic, Olmsted Medical Group, and their affiliated hospitals) that has accumulated comprehensive clinical records for nearly 1 century.
A total of 183 children (aged 0-18 years) diagnosed as having IXT were included in the study. For each patient with IXT, we identified 1 control who did not have a diagnosis of strabismus. Controls were chosen by selecting Olmsted County residents who were of the same sex and whose year of birth and registration (within our 2 medical institutions) were matched for each of the index cases. Residency status, verified by trained checkers, was assessed for cases and controls at the time of birth and at diagnosis using information from city and county directories. Patients who did not reside in Olmsted County, Minnesota, at the time of their diagnosis were excluded from the study.
The medical records of the cases and their controls were reviewed for the diagnosis of mental illness (Diagnostic and Statistical Manual of Mental Disorders [Fourth Edition, Text Revision] codes), 6 use of psychotropic medication, mental health emergency department visits or hospitalizations, suicide attempts, and suicidal or homicidal ideation. The entirety of the medical record of a patient (both paper and electronic) from Olmsted County was reviewed for each case and control and included inpatient and outpatient psychiatric, psychological, primary care, and emergency department records. A history of mental illness diagnosed elsewhere was included when confirmed by a mental health care professional within Olmsted County. Data regarding the use of psychiatric medications included the type of medication, concurrent use of multiple medications, and total duration of use; this information was obtained from medication records by physicians and selfreports. A history of suicide attempts or ideation was elicited from the mental health care record, whereas substance abuse, a family history of psychiatric disease, or maternal substance abuse during pregnancy among cases and controls was determined from mental health and self-reporting primary care records. The obstetric history was recorded only for those children who were born in Olmsted County.
Continuous data are presented as mean (range). Categorical data are presented as numbers (percentage). Comparisons between cases and controls for continuous variables were completed using Wilcoxon rank sum tests, and the Fisher exact test was used in comparisons between cases and controls for categorical data. All statistical tests were 2-sided, and the threshold of significance was set at ␣=.05.
RESULTS
A total of 183 children were diagnosed as having IXT during the 20-year study period, with females comprising 118 (64.5%) of the cohort. The cases were followed up to a mean age of 21.9 years (range, 13 months to 41 years) compared with 22.2 years (range, 8 months to 46.8 years) for controls (P =.53). Table 1 gives the historical and clinical characteristics of the 183 children with IXT (by sex) and their controls. Refractive error was recorded in 50% of our total cohort but showed no correlation with mental illness or difference among groups and was not included in the tables. Females with IXT were more likely to be the product of a difficult pregnancy (P=.008), have a family history of psychiatric disease (P=.006), and have been born to mothers with a history of chemical abuse while pregnant (P =.02) compared with controls. These differences were not observed among males with IXT or their controls. None of the study children were diagnosed as having fetal alcohol syndrome or other known disorders associated with maternal chemical abuse during pregnancy. Females with IXT received their first psychiatric diagnosis earlier than controls at 13.9 vs 17.5 years (P=.02) compared with males at 13.3 and 15.2 years for cases and controls, respectively (P =.59). Table 2 gives the prevalence of specifically queried factors of mental illness among all patients with IXT and their controls. A mental health disorder was diagnosed in 97 (53.0%) of the 183 patients with a history of childhood IXT compared with 55 (30.1%) of controls (PϽ.001). These disorders were diagnosed by a psychiatrist or psychologist in 67.0% of cases, by a primary care physician in 30.2%, and in the emergency department in the remaining cases. Children with IXT were also significantly more likely than controls to have a greater number of psychiatric disorders (P Ͻ .001), use psychotropic medications (P = .003), require psychiatric hospitalizations (P = .03), make emergency department visits (PϽ .001), have suicidal ideation (P Ͻ.001), and attempt suicide (P = .03). The most common medications used, from most common to least, were selective serotonin reuptake inhibitors, tricyclic antidepressants, stimulants, and benzodiazepines. These were used for a median of 70, 54, 42, and 126 months, respectively. For other medications, 3 males and 4 females with IXT used antipsychotic medications, and 1 male with IXT and 1 male control used mood stabilizers. During the follow-up period of this study, children with IXT were 2.7 (95% confidence interval, 1.7-4.1) times more likely than controls to develop a psychiatric disorder. Rates of mental illness between patients with IXT and their controls were significantly higher in males than females. Forty-one of the 65 males with IXT (63%) developed a psychiatric disorder compared with 22 of 66 controls (33%) (P Ͻ .001). They were also more likely to develop a greater number of psychiatric disorders (PϽ.001), use psychotropic medications (P = .003), require psychiatric hospitalizations (P = .04), make emergency department visits (P Ͻ .001), have suicidal ideation (P=.002), and attempt suicide than their controls (P=.004). Females with IXT were more likely than controls to develop a mental illness (56 of 118 vs 33 of 117; P=.003), have a greater number of illnesses (P=.001), and express suicidal ideation (P = .02) but were no more likely than controls to use psychotropic medications, require psychiatric inpatient hospitalization or emergency department evaluation, or attempt suicide. Table 3 lists the types and total number of psychiatric disorders diagnosed among cases and controls separated by sex. Males with IXT were more likely to de-velop depression and adjustment disorder compared with their controls, whereas females with IXT developed more attention-deficit/hyperactivity disorder, anxiety or phobia, and learning disabilities. They were also significantly less likely to have obsessive-compulsive or eating disorders compared with controls. Depression not otherwise specified, major depression, attention-deficit/ hyperactivity disorder, adjustment disorder, and drug or alcohol abuse were the most common disorders diagnosed among all patients.
COMMENT
Children diagnosed as having IXT in Olmsted County, Minnesota, were nearly 3 times more likely than controls to develop a mental illness by early adulthood. Males with IXT displayed a significantly greater number of psychiatric diagnoses and morbidities than their controls, including significant increases in the number of emergency department visits, hospitalizations, and suicide attempts. Females, although still more likely to develop mental illness, to have a greater number of mental illnesses, and to express suicidal ideation compared with controls, did not display the same level of psychiatric disease as that observed in males.
An association between exotropia and mental illness has previously been described. 3, 4 Toyota and coauthors 3 have recently reported that a polyalanine length variant in the gene PMX2B is associated with schizophrenia and constant exotropia in adults. Although the population and form of strabismus differ from those of our study, the finding documents a genetic link between strabismus and mental illness. We have demonstrated an elevated risk for the development of mental illness in children with exotropia (IXT and convergence insufficiency) that is not present among children with esotropia (congenital, accommodative, and acquired nonaccommodative types). 4 The current study, undertaken in the same population, extended the original cohort from 10 to 20 years and limited the focus to patients diagnosed as having IXT. The findings from the current study demonstrate a greater statistical significance of the association between IXT and mental illness and indicate that this association is stronger for males than for females. Why IXT would be associated with the development of mental illness by early adulthood remains unclear. Studies 7 regarding the psychosocial impact of strabismus have reported that individuals with IXT are not judged more poorly than individuals with orthotropia by adult observers. However, a negative bias toward people with strabismus has been demonstrated in children. 8, 9 Visual function-14 (VF-14) scores, a validated measurement of the psychological impact of a malady on daily life, have also been shown to be much higher for teenagers with noticeable strabismus than for controls. 10 Although this study focused on mental illness that was diagnosed by early adulthood, there is also evidence to suggest that the social problems associated with strabismus persist and even intensify into adult life. 11 The reason why the association between IXT and mental illness is stronger for males than females is also unclear. Females with strabismus have been reported to have more difficulty securing gainful employment compared with controls, whereas the same is not true of males. 12 Menon and colleagues 13 found that 85% of males vs 75% of females experienced problems in their social lives due to strabismus. In addition, the increased rates of mental illness in males with exotropia is of particular concern given that males are nearly twice as likely as females to successfully complete suicide. 14 Heredity is another possible cause of the association between IXT and mental illness. The more prevalent forms of strabismus and most childhood mental illnesses are believed to result from interactions between multiple susceptibility genes. Toyota and coauthors 3 have demonstrated that disorders of ocular alignment can be genetically linked to the same locus as psychiatric disorders. However, a genetic argument for the association between IXT and mental illness is complicated by our finding that females with IXT were more likely to have a family history of psychiatric illness but had less mental illness than males with IXT. Moreover, IXT occurs at a higher rate in females than males, 15 and additional study is needed to determine whether there is a genetic component to the association between IXT and mental illness.
The findings in this study have a number of limitations. This investigation was performed in an ethnically homogenous population of a single geographic area and may not be representative of other ethnic groups or diverse populations. Moreover, this study was not designed to detect differences in the various types of mental disorder, so caution should be used in drawing conclusions from Table 3 . Also, further study is warranted to determine whether the association between IXT and mental illness persists throughout adulthood. Finally, 1 patient with IXT was originally miscoded as a male and was found to be a female on review after all data had been collected. For this reason, there is an extra case of IXT in the female group and 1 extra control in the male group. These numerical differences have no effect on the statistical calculations or outcomes.
This population-based, nested-control study found that children with IXT have a nearly 3-fold increased risk of developing mental illness by early adulthood compared with controls. Although IXT has been reported to occur more frequently in females, 15 males with IXT were significantly more likely than controls or females with IXT to have mental health emergency department visits or hospitalizations, suicidal or homicidal ideation, and suicide attempts. Further study is needed to determine whether interventions for IXT can decrease or otherwise alter the future development of mental illness. 
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